Abstract. The determination of flow resistance for open channels remains a challenge in practices. In this research, an experimental study was carried out to investigate the hydraulic roughness characteristics in an open channel. The experimental flume (10 m length, 0.30 m width and 0.46 height) was carried out with two conditions ; contain gravel bed and without gravel bed (as controller). Blocks of concrete foam were fabricated and laid on the bed surface for providing uniformly roughened along the open channel. A velocity flow meter was used to quantify the average velocity, and other parameters such as cross-section, hydraulic radius, wetted perimeter, and channel slopes were also calculated. Finally, the flow resistance, n obtained using the flume with gravel bed surface is higher than the flume without gravel bed surface. The flow conditions were declared as subcritical as the Froude number is less than 1 for both conditions in the flume. As a conclusion, it was identified that the hydraulic roughness n, was influenced by the type bed roughness, flow rate and channel slope.
Introduction
Open channel can be classified as either natural or artificial channel. The terminology natural channel refers to all channels which have been developed by natural processes and have not been significantly improved by humans. [1] An important characteristic of open channel flow is that it has a free surface at atmospheric pressure. [2] The Manning formula has been widely used to determine the roughness coefficient, n for open channels. The variation of roughness coefficient, n occurs due to many contributing factors such as surface roughness, channel irregularity, channel alignment, silting, vegetation, obstruction and flow rate [2] . Although the n values have been practiced in hydraulic and hydrology analysis, the determination of n is becoming a challenge to engineers and researcher because the values cannot be computed equally for all types of open channels [3] .
In analyzing the flow through open channels of regular sectional shape and hydraulic roughness, in general, it is sufficientto use the overall hydraulic radius as the parameter, which characterizes the properties of the cross section [4] . It is then possible to calculate the discharge through the channel from one range of well-known formulas in term of the channel roughness, slope, and depth. Manning's equation was based on data from flume studies and developed for uniform flow conditions in which the water-surface slope, friction slope, and energy gradient are parallel to the stream bed, and the cross-sectional area, hydraulic radius, and depth remain constant throughout the reach.
The influence of bed roughness gives some effect to flow rate and the roughness characteristics [5] . Focusing on the experimental investigations for hydraulic roughness, [6] , it used the particle image velocimetry to study the effects of roughness on the flow structure in a gravel bed channel. They established a new formula to calculate the friction factor for the gravel bed , expressed in terms of the Reynolds number and the surface geometric parameters.
This study has been carried out to analyze the effects of bed roughness to the velocity and determine the hydraulic roughness at roughened rectangular bed in open channel. All data were collected in a laboratory work at the Hydraulic Laboratory of the Faculty of Civil Engineering and Environmental, Universiti Tun Hussein Onn Malaysia (UTHM), Malaysia.
Experimental apparatus and method

Sample material and model set-up
Two blocks of lightweight concrete, which are formed by form agent with cement mixture was used in this experiment. The samples of the block with size 400 mm x 295 mm were prepared by adding the gravel and without gravel. Approximately, 50% of each gravel was submerged in the concrete foam. Three grades of gravel were used (5-10 mm, 20-30 mm, and 50-70 mm) to create a single geometric and hydraulic roughness as shown in Figure 1 . The blocks without gravel were functioning as a controller. [7] . A channel roughness can be described through Manning roughness coefficient, n as stated in the equation (1) Figure 3 and 4 present the flow resistance coefficient along the section I, II and III with gravel bed and without gravel bed and fixed discharges of 0.025 m 3 /s respectively. All data were performed in three different slopes; 1:300, 1:400, and 1:500. It showed the relation between the hydraulic roughness, n under fixed discharges and slopes for the tested bed materials (with gravel bed). Also, it was noticed that the maximum and minimum hydraulic coefficients were found in the case of gravel bed material. Consequently, it can be concluded that the hydraulic roughness coefficient inversely proportionally to the discharge, slopes and fixed bed material. Table 1 showed the summary between hydraulic roughness, n according to fixed discharges and slopes along three sections of flume with gravel bed and without gravel bed. The average roughness coefficient, n yield from gravel bed ranging from 0.0090 to 0.0119 while the value of n, for flume without gravels range from 0.0082 to 0.0096. It means that, the material of bed surface; gravel gave a resistance force to the flow as stated in [2] . 
Froude Number, Fr
To classify the type of flow in the channel, the mean velocity for a given discharge must be determined first. For calculation of Froude number, F R is given from equation (2):
With V for mean velocity (m/s), g is gravitational acceleration (m/s 2 ) and D is the hydraulic depth. Table 2 shows tabulated Froude number calculated from an average depth of each section in the flume and average velocity measured from experiment according to flow rates and bed slope of 1:500, 1:400 and 1:300 respectively. The flow measurement on the gravel and without gravel are in a subcritical state with Froude number, Fr = 0.781 to 0.888 and Fr = 0.799 to 0.902. Froude number increased when slope increases. 
Conclusion
The experimental work was accompanied to study the hydraulic roughness characteristics in an open channel with two bed surfaces. As conclusion, flow rate and roughness coefficient were influenced by bed roughness. For fixed bed material (with gravel and without gravel), the hydraulic roughness coefficient was influenced by the discharges. Bed surface without gravel also affects the differences between Q theory and Q experiment because of the bed material. It was found that gravel has more effect at steeper slope although this study was done in a small scale. 
